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Changes in isoenzyme profiles of antioxidative
enzymes, superoxide dismutase, peroxidase and cata-
lase, in leaves of Impatiens flanaganiae Hemsl. subject-
ed to different light conditions were investigated.
Unbranched plantlets of I. flanaganiae propagated from
tubers were exposed to three light regimes: 55μmol m-2
sec-1, 280μmol m-2 sec-1 and 30μmol m-2 sec-1 (variants I,
II and III respectively) for a period of seven weeks.
Isoenzymes of superoxide dismutase, peroxidase and
catalase and their differential responses to light varia-
tions were studied in plant extracts prepared from
leaves of all three variants at weekly intervals. The activ-
ity of most SOD isoenzymes from plants subjected to
low light intensity (variants I and II) remained relatively
constant except for one Cu/Zn-SOD that increased grad-
ually during the course of development. Little or no
change in catalase activity was observed during the ini-
tial stage development of plants from these variants. A
profound enhancement of catalase level was detected
only from the fifth week onward, especially in variant III.
The induction of some SODs and CAT in plants from
these variants could be related to possible oxidative
stress associated with plant aging. In contrast to CAT,
the activity of some of the peroxidase isoenzymes in
variant III decreased from the second week onward and
was lower than in the plants from the other two variants
during the initial stages of development. Plants from
variants I and III also showed a steady increase in activ-
ity of most isoperoxidases (low and high mobility) with
time, which suggests their indirect involvement in the
regulation of plant growth and development. A rapid
increase in the activity of superoxide dismutase and
catalase during the experimental period was observed
in plants exposed to relatively high light intensity (vari-
ant II). The activities of both Mn, and some of the Cu/Zn-
containing SODs increased sharply from the second
week onward under high light intensity as compared to
the other two variants subjected to low light intensity.
The Mn-SOD activity remained high throughout the
experimental period, while the light-induced Cu/Zn-
SODs showed a reduction in activity after the third
week. This light-induced response could be an attempt
to protect plants from the harmful radicals generated
due to photo-oxidative stress under high light. The low
activity of some isoperoxidase observed under these
conditions is considered to be compensated by high
catalase activity as the active oxygen species, hydrogen
peroxide, is removed by catalase and/or peroxidase.
These metal containing enzymes seem to respond dif-
ferentially to variations in light and could be suitable as
a marker for the evaluation of light-induced oxidative
stress in Impatiens flanaganiae plants.
The different metabolic and ecophysiological strategies
adopted by plants to meet changes in their environment
have been studied in the past, but still remain an area of
intense research. The presence of an active oxygen-gener-
ating system in plants make them susceptible to oxidative
injury (Halliwell 1984).
The active oxygen species such as superoxide radical
(O2
-), hydrogen peroxide (H2O2) and hydroxyl radicals (OH),
can be formed in plants either by direct transfer of excitation
energy from chlorophyll (Chl) to oxygen or from single-elec-
tron reduction of dioxygen (Kaiser 1987, Cornic and
Briantais 1991). O2
- produced in plants is dismutated and
results in the production of H2O2. Although the toxicity of O2
-
and H2O2 themselves is relatively low, their metal-dependent
conversion to the highly toxic OH is thought to be responsi-
ble for the majority of the biological damage associated with
these molecules (Elstner 1982, Allen 1995).
There are three modes by which photo-oxidative stress
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may be enhanced by environmental factors. The factors may
be directly involved in free radical production or they may
inhibit the antioxidant defense mechanisms and therefore,
cause a rise in active oxygen levels indirectly. Thirdly, envi-
ronmental stress can cause perturbations in biosynthetic
pathways which affect the chloroplast’s ability to dissipate
excess energy and so causes the generation of active oxy-
gen (Salin 1988). Oxygen toxicity may arise under environ-
mental stress when the production of active oxygen species
exceeds the scavenging capacity of the natural defense sys-
tem in plants (Krause 1988).
During the course of evolution, higher plants have devel-
oped numerous defence mechanisms that help them to sur-
vive under environmentally adverse conditions (Tsang et al.
1991). The enzymatic antioxidants such as superoxide dis-
mutase (SOD), catalase (CAT) and peroxidase (POD) are
considered to be most often involved in scavenging the
extremely reactive oxygen species and thus preventing
oxidative stress. In general, environmental stress is accom-
panied by a rise in activity of the antioxidant pathway. It has
been found that increase in the enzyme-activity of the
antioxidant pathway is not only related to increase in their
quantity but also to the increase in the affinities of the
enzymes for their substrates. Stress conditions cause pro-
duction of different isoforms of SOD, CAT, POD etc. with dif-
ferent substrate affinities. Regulated adjustment of levels of
different isoforms with different affinities may be the most
significant strategy for mobilisation of the antioxidant
defense system (Matters and Scandalios 1987).
In shade plants the photosynthetic capacity is saturated at
low-light intensity and is directly related to the high suscep-
tibility of these plants to photo-inhibition and photo-oxidative
damage. The protection of chloroplasts from oxidative stress
is essential and under normal conditions adequate protec-
tion is provided by the antioxidant pathway of plants (Asada
and Takahashi 1987).
There are reports on the changes in activities of antiox-
idative enzymes in response to environmental stresses.
Increased antioxidant capacity has been observed in con-
nection with drought stress in grasses, cereals and pea
plants (Price and Hendry 1991, Morgan et al. 1994). In
leaves of Nicotiana plumbaginifolia and in sunflower
seedlings subjected to heat shock and water deficit stress
respectively, activities of SOD increased appreciably (Tsang
et al. 1991, Sgherri and Izzo 1995). Mishra et al. (1995) have
reported that activities of superoxide dismutase and ascor-
bate peroxidase were much lower in wheat seedlings grown
under low light conditions than in those grown under high-
light conditions whereas catalase activity decreased on
exposure to strong light. However, the results vary according
to plant materials and treatment conditions employed. At
present, there is still little information and understanding of
the underlying molecular mechanisms for the mobilisation of
defences in plants.
Impatiens flanaganiae Hemsl. is a tuberous, rooted peren-
nial which preferentially grows under moist shady conditions
under forest canopy and exhibits strong apical dominance. It
is found in a few locations in South Africa where the local
people use its tubers for medicinal and horticultural purpos-
es (Grey-Wilson 1980). A strong increasing premium on lat-
eral growth of I. flanaganiae was achieved by subjecting the
plants to high light intensities (Bosa and Nikolova 1995, Lall
et al. 1997). The lateral shoot tips of I. flanaganiae induced
by light were found to be an appropriate source for propa-
gating the plant vegetatively and also for establishing shoot
tip culture for rapid regeneration of many plantlets with hor-
ticultural potential (Nikolova et al. 1996).
However, continuous propagation of these preferentially
shade-loving plants under high light intensities, seems to be
stressful as it caused abnormal morphological changes such
as enhanced senescence, curling, reduction of leaf expan-
sion in newly developed leaves etc. Initiation of oxidative
stress by high light intensities was considered to be the pos-
sible reason for the observed changes.
The differential responses expected for the different isoen-
zymes of SOD, POD, CAT to light stress may clarify the rea-
sons for the existence of multiple forms of these enzymes
and their role in plants, grown under light stress. However,
there have been no reports of co-ordinated changes in the
activities of enzymes that are involved in detoxification of
active oxygen species in response to variation in light
regime in I. flanaganiae. In the present study, the responses
of O2
- and H2O2 scavenging enzymes such as SOD, POD
and CAT in the leaves of I. flanaganiae plants grown under
different light conditions were investigated.
Materials and Methods
Plant propagation
Tubers of I. flanaganiae were collected from the Port St.
Johns area of the Eastern Cape. Tubers were initially prop-
agated for two weeks in pots containing Kompel potting soil
at room temperature 22 ± 2°C on lab benches where daily
light levels were in the region of 55μmol m-2 sec-1. Under
these conditions plants developed a single stem. Plants with
5–7 nodes (10–15cm in length) were selected for the exper-
iment. The plants were randomised into three groups of 30,
each one being exposed to a particular set of light conditions
over a period of seven weeks during which electrophoretic
analysis of SOD, POD and CAT were carried out in the
leaves of all three variants.
The first group of plants (variant I) was left at room tem-
perature in the laboratory receiving a daily light intensity of
55μmol m-2 sec-1. This light intensity was similar in quantity
to that found in the mid canopy of forests where I. flana-
ganiae grows. The plants from the other two groups (variant
II and variant III) were transferred to a growth room at
22–25°C, relative humidity 65% and exposed to a photope-
riod of 16 hours. Plants from variant II were exposed to a
light intensity of 280μmol m-2 sec-1 using metal Halide lamps
as the light source. Plants of variant III were grown under
shade cloth which reduced the light quantity to 30μmol m-2
sec-1. Plants from all variants were watered daily to prevent
water deficit and fed once weekly with a solution of Kompel
Chemicult plant food containing essential mineral elements.
Preparation of enzyme extracts
Leaves of I. flanaganiae, from each variant, were selected
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randomly at weekly intervals for a period of seven weeks
and were used for the preparation of enzyme extracts.
Leaves were homogenised with 0.1M phosphate buffer pH
7.8, containing 0.1mM EDTA at a w:v ratio of 1:2 in a mortar
and pestle. After 30 minutes homogenates were filtered
through four layers muslin cloth and centrifuged at 12 000 x
g for 20min. The entire procedure was performed at 4°C to
minimise the effect of temperature on enzyme denaturation.
The supernatant containing soluble proteins were then col-
lected and stored at -80°C for electrophoretic analyses.
The analysis for protein estimation was carried out by the
dye-binding method according to Bradford (1976).
Polyacrylamide gel electrophoresis 
Gel electrophoresis of the enzyme extracts for isoenzyme
separation of SOD, POD and CAT was performed on 7.5%
gel according to Davis (1964) using Gel Hoeffer SE 600elec-
trophoresis unit. Enzyme samples were equalised on protein
basis. A few drops of bromophenol blue (0.1%) were used as
a marker. Preliminary screening of isoenzyme profiles of
SOD, POD and CAT was done with different volumes (15μl
to 100μl) of plant extracts containing 40% (w/v) sucrose. The
volumes that showed the best resolution of bands were
selected for enzymatic analysis.
The gels were run in a vertical dimension in a tank con-
taining Tris-glycine buffer pH 8.3, with the cathode as an
upper electrode and the anode as a lower electrode. All elec-
trophoretic separations were performed at a constant volt-
age (340V), at 4°C, for 3–4 hours until the tracking dye
almost reached the bottom of the gel. Control gels, without
samples, were run in parallel for the detection of the possi-
bility of artifactual SOD activity caused by reagents.
The superoxide dismutases were detected by the photo-
chemical procedure of Beauchamp and Fridovich (1971)
using Nitro blue tetrazolium chloride (NBT) and riboflavin.
The isoenzymes of POD were detected by staining accord-
ing to Graham et al. (1965) using hydrogen peroxide and 3-
amino 9-ethyl carbazole as substrates. Visualisation of CAT
activity on gel was done according to Stuber et al. (1988)
using ferric chloride and potassium ferricyanide.
Photographs of gels were taken immediately after staining
and gels (POD and CAT) were stored in 50% glycerine in a
cold room. SOD bands are quite stable and, therefore, gels
were stored in diluted (0.036M) phosphate buffer. The
isozyme activity of all three enzymes SOD, POD and CAT,
was quantified by recording the transmittance of the gels in
a Hoefer GS densitometer. The GS365W Data System was
used for acquisition, plotting and analysis of data, obtained
from the scanning densitometer.
Results
Isoenzyme analysis in the leaf extracts of I. flanaganiae
subjected to different light intensities
Superoxide dismutase
Electrophoresis of enzyme extracts of I. flanaganiae,
revealed that SOD activity of the crude extracts is composed
of five distinct bands. The bands are numbered (1 to 5) in
order of increasing relative mobility.
Based on previous studies bands 2, 3, 4 and 5 were clas-
sified as Cu/Zn-superoxide dismutases (SODs) and band 1
as Mn-containing superoxide dismutase (Nikolova et al.
1999). Four active bands, bands 1, 2, 4 and 5, with apparent
quantitative differences appeared in all the variants over
seven weeks period of growth (Figure 1, A–H). The highest
band area corresponding to high SOD activity was recorded
for Cu/Zn containing SODs (bands 2 and 4) in all the vari-
ants (Table 1a)
The SOD activity of variant II subjected to high light
increased dramatically from second week onward.
Isoenzyme activity of band 2 almost doubled during the sec-
ond and third week, while Mn-SOD (band 1) increased by
four fold (Table 1a). The Mn-SOD activity remained high
throughout the experimental period, while the Cu/Zn-SODs
showed a reduction after the fourth week under high light
intensity but was still higher than in the other two variants
subjected to low light intensity. In the seventh week isoen-
zyme activity corresponding to bands 1, 2 and 4 subsided by
40–50% from the highest activity observed in week three.
Integration of the activity areas of the bands revealed that
Mn and Cu/Zn-SODs of variant III remained predominantly
constant during the course of development while a substan-
tial rise of isoenzyme activity (band 4) was noted in variant I.
Qualitative difference in the SOD isoenzymes between vari-
ants was recorded after six weeks. An additional band 3 of
relatively low area was induced in variant I and II in the sev-
enth week.
Peroxidase
An electrophoretic analysis of enzyme extracts of I. flana-
ganiae shows that at least 10 peroxidase isozymes are pres-
ent in the tissue. The profile of peroxidase isozymes present
in all the three variants was similar; however, there were
quantitative differences in isoenzyme activity between the
variants (Figure 2). Bands 1, 2 and 3 with relatively low
mobility were not so distinct and appeared like a diffused
zone. The highest band areas were recorded for two
isonzymes, (bands 8 and 9) of Rf 0.68 and 0.74 of almost
equal intensity (Table 1b). These isoenzymes accounted for
most of the peroxidase activity in all the variants. Figure 2
shows the difference in activity of peroxidase isoenzymes in
all three variants subjected to different light intensities.
In variant I the activities of peroxidase isozymes changed
drastically during the course of development. The intensity
of bands 3, 5, and 6 of average mobility increased in the
second week followed by a slight decline in the third week.
A constant increase of band area of isozymes, especially of
bands 7 and 8 with relatively high mobility, was noticed over
a period of seven weeks in this variant.
A gradual increase in the activities of some of the
isozymes of POD was observed in variant II. Activity of a
predominant peroxidase isoenzyme 7 and 8 of Rf 0.61 and
0.68 respectively, was enhanced until the fourth week; how-
ever, activity declined during the seventh week (Table 1b).
The isozyme of Rf 0.79 disappeared after the fourth week.
The activity of some of the peroxidase isozymes of variant
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III decreased from the second week and was lower than the
other two variants during the initial stages of development.
The intensity of band 5 was comparatively more pronounced
in the third week and slowly declined with maturation. The
isozyme 10, of Rf 0.79, was not evident after the fourth week
in the variant of the 30μmol m-2 sec-1 treatment (Table 1b).
Catalase
Visualisation of CAT activity on gels resulted in a single dif-
fuse white band of Rf 0.14, in all the variants. However, cata-
lase responded differentially to light intensity in all the three
variants. This response varied with developmental stages.
In variant II, catalase enzyme activity initially increased
sharply during the second week, almost two times, followed
by a slight decrease in the third week. During week seven
the band area was 2.5-fold higher than in week one. In this
variant a high level of enzyme activity was observed in com-
parison to the other two variants throughout the entire exper-
imental period.
In contrast, variant I and variant III showed little or no
change in catalase band area (Table 1c) up to the fifth week.
A profound enhancement of catalase level was detected
only from the fifth week onward in these variants especially
in variant III (Figure 3).
Discussion
Even though light is the source of energy for photosynthesis,
exposure of plants to high light intensities causes photoin-
hibitory damage to the photosynthetic electron transport sys-
tem and leads to reduction of photosynthetic capacity. This
results in the degradation of the whole photosynthetic appa-
ratus and net destruction of chlorophyll (Anderson 1986).
Light had a similar effect on the chlorophyll content in the
leaves of I. flanaganiae. Results revealed that the chloro-
phyll content in the plants exposed to high light intensity was
significantly lower than that in the plants grown under low
light (Lall et al. 1998). Under stress conditions photode-
struction of thylakoid membranes and chlorophyll is catal-
ysed by enhanced photogeneration of destructive O2
species such as O2
- and OH (Cakmak et al, 1995).
The generation of free radicals under stress is also often
associated with disturbances in the photosynthetic carbon
turnover, such as restrictions in availability of CO2 or in its
fixation, or in the export of photosynthates (Marschner and
Figure 1: Photographs 1–7 (A: variant I — 55μmol m-2 sec-1, B: vari-
ant II — 280μmol m-2 sec-1 and C: variant III — 30μmol m-2 sec-1)
and Densitometric scan (7th week) of SOD from leaves of I. flana-
ganiae subjected to different light intensities over a period of seven
weeks
Figure 2: Photographs 1–7 (A: variant I — 55μmol m-2 sec-1, B: vari-
ant II — 280μmol m-2 sec-1 and C: variant III — 30μmol m-2 sec-1)
and Densitometric scan (7th week) of POD from leaves of I. flana-
ganiae subjected to different light intensities over a period of seven
weeks
Lall and Nikolova522
Cakmak 1989). Anatomical studies of I. flanaganiae indicat-
ed that high light results in a higher rate of stomatal aberra-
tions (Lall and Bhat 1996). This may possibly affect the CO2
fixation and reduce the rate of photosynthesis. As a conse-
quence of these disturbances the demand for NADPH2 and
ATP can decrease, and the electron flow is intensified from
photoreductants (e.g. ferredoxin) to molecular O2 (Mehler
reaction), forming O2
- and other toxic O2 species. It has been
documented that this may lead to an induction of enzymes
of the O2
- and H2O2 scavenging systems (SOD, POD and
CAT) to protect the plants from photo-oxidative damage
(Elster 1982, Marschner and Cakmak 1989). 
In the present study, it was found that exposure of the
plants of I. flanaganiae to higher light levels than in its natu-
ral environment was manifested by a pronounced increase
predominantly of activity of some SOD and CAT isoenzymes
in leaves probably in response to a photo-oxidative stress. It
has been documented by Elstner (1982) that stress causes,
probably as a consequence of the generation of superoxide
radical in damaged chloroplasts, impairment of electron
transport, and increased activity of enzymes of the H2O2
scavenging system. The detoxifying enzymes such as SOD
and CAT are reported to be induced by diverse stress con-
ditions such as drought, air pollution, fungal attack, low tem-
perature and high light intensity (Karpinski et al. 1993).
Five SOD bands were detected in leaves of I. flanaganiae
in contrast to CAT which showed only a single band. The
activity of Mn-SOD and some Cu/Zn-SODs increased co-
ordinately after transfer of I. flanaganiae plants to high light
conditions. A pronounced increase in SOD isoenzyme activ-
ity after exposure to high light may play a role in protecting
plants against oxidative stress generated by high light.
Similar results were obtained in other plant species. Activity
of SOD and monodehydroascorbate reductase increased in
spinach on exposure to high light (Schoner and Krause
1990). Activity of O2
- and H2O2
- scavenging enzymes in the
rice mutant Spl-2 was found to be higher than those in the
wild-type after irradiation with strong white light (Fuse et al.
1993) whereas the content of ascorbic acid decreased. The
enhancement of SOD activity could be due to both qualita-
tive and quantitative changes in isoenzymes from leaves of
I. flanaganiae exposed to high light intensity. An additional
Cu/Zn-SOD isoenzyme detected in the plants from variant I
and variant II during the seventh week could be as a result
of de novo synthesis of the isoenzymes due to a turn over of
a specific gene to protect the plant from oxidative stress
which probably increased with plant age.
Results of this study revealed only quantitative differences
of POD isoenzymes between the three variants of I. flana-
ganiae. In contrast both qualitative and quantitative differ-
ences in activity of isozymes of peroxidases have been
reported in some organs of Aegilops triaristata grown under
light and dark (Karataglis 1977). POD activity was compara-
tively lower in the plants from variant II as compared to the
plants from variant I. However, a high POD activity of some
isoenzymes (bands 8 and 9) was recorded in the fourth
week in variant II. Decline in the POD activity of some of the
isoenzymes during the fifth and sixth weeks was observed.
Similar results were recorded in chestnut leaves. Some
researchers consider involvement of unknown substance(s)
in masking of the enzymes (Wakamatsu and Takahama
1993). Similar mechanisms could account for the low activi-
ty of POD in I. flanaganiae under high light at a later stage.
However, an increase in activity of POD has been reported
in Chrysanthemum morifolium Ram. at later stage of plant
development (Bartoli et al. 1995).
A high activity of PODs detected in the plants from variant
I could be due to activation and/or synthesis of the enzymes.
Whitehead and Swardt (1982) attributed the increase in
POD activity in Protea neriifolia to de novo synthesis of the
isoenzymes The induction of some isoperoxidases in I.
flanaganiae plants could be associated with the develop-
mental changes and their indirect involvement in the regula-
tion of plant growth (Nikolova et al. 1999). Further studies
with regards to the overall understanding of the induction of
isoenzyme activity and the metabolic events necessary for
the regulation of POD in I. flanaganiae are required.
In contrast to POD, the activity of CAT, the other H2O2
scavenging enzyme was positively affected by light. A sharp
increase in CAT activity was recorded in plants from variant
II from the second week onward, probably a response of
plants to the generation of higher levels of H2O2 caused by
high light. Our result is in agreement with the reports stating
a high sensitivity of CAT to light. It was found that CAT activ-
ities significantly increased within 24h of transfer of the low-
Figure 3: Photographs 1–7 (A: variant I — 55μmol m-2 sec-1, B: vari-
ant II — 280μmol m-2 sec-1 and C: variant III — 30μmol m-2 sec-1)
and Densitometric scan (7th week) of CAT from leaves of I. flana-
ganiae subjected to different light intensities over a period of seven
weeks
light-grown wheat seedlings to a high light regime (Mishra et
al. 1995). A slight decrease in this enzyme level was found
in the third week which was accompanied by a decrease of
chlorophyll concentration in the leaves (Lall et al. 1998).
Similar results were found in rye leaves (Secale cereale
L.cv. Hallo) that were exposed to moderately high irradiance.
It has been suggested that the enhanced susceptibility of
leaf tissues to photo-oxidative damage which is widely
observed in stressed plants is related to the early loss of
catalase (Streb et al. 1993). Profound enhancement in the
enzyme activity noticed in I. flanaganiae in week seven
could be as a result of both oxidative stress and aging.
The other two variants also showed an increase in activi-
ty from the fifth week onward probably in response to the
aging of the plants. In variant III during 3–5 weeks compar-
atively low activity of all three enzymes was observed. It is
possible that low levels of POD or CAT in this variant might
lead to the accumulation of H2O2 which can inhibit SOD
induction especially Cu/Zn-SOD as they are sensitive to
H2O2.
In I. flanaganiae high CAT activity may compensate for the
low POD activity during the initial stages of development of
plants (week 2–3) from variant II because H2O2 is removed
by CAT and/or POD (Foyer et al. 1994). A similar relation
between CAT and POD has been reported in other species.
Cold acclimated leaves of spinach exhibited significantly
increased activities of SODs and POD, whereas, CAT activ-
ity decreased (Schoner and Krause 1990). Thus, to date,
inconsistent results have been reported with respect to the
specific antioxidative enzymes whose activities increase in
response to variations in light regime. These results suggest
that enhancement or depression of a determined enzyme is
counterbalanced in the plant exposed to different light
regimes.
The antioxidative enzymes SOD, POD and CAT in leaves
of I. flanaganiae responded differentially to different light
regimes. The induction of SOD and CAT in the plants grown
under high light, probably is an attempt to decrease the level
of harmful radicals such as O2
-, H2O2 and -0H which are con-
sidered to be generated under photo-oxidative stress. The
high CAT activity probably compensated for the low activity
of POD, in order to maintain the low level of H2O2 produced
by SOD. An increase in isoenzyme activity SOD and CAT
under high light was detected in I. flanaganiae from the sec-
ond week onward before the abnormal stressful morpholog-
ical changes such as necrosis, chlorosis and premature
senescence, which were evident after the sixth week.
Changes in activities of these isoenzymes could be used as
a marker in predicting the photo-oxidative stress in plants.
This will help in protecting the plants from photo-oxidative
damage as they appear at an early stage before the mor-
phologhical symptoms become visible.
These conclusions can be related to the fact that the induc-
tion of defense mechanisms is often triggered by co-ordinat-
Bands Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Rf value
I II III I II III I II III I II III I II III I II III I II III
1 1510 1456 1560 1662 5951 1610 1711 6385 1601 1660 5853 1589 1631 5668 1598 1730 5872 1592 1710 4289 1584 0.46
2 5566 5463 5558 6803 10473 5661 6885 11451 5660 5592 6958 5542 5871 8084 5661 5996 7020 5876 6101 5100 4901 0.53
3 – – – – – – – – – – – – – – – – – – 1249 1352 – 0.55
4 2697 2210 2497 3112 9591 4204 3221 10085 4561 3500 4974 3980 3654 6452 4100 4200 6943 4009 6500 7108 4012 0.63
5 1209 1465 1311 1215 1326 1320 1211 1335 1211 1235 1330 1325 1220 1332 1331 1210 1338 1315 1240 1310 1313 0.65
Bands Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Rf value
I II III I II III I II III I II III I II III I II III I II III
1 226 228 212 505 486 192 426 276 241 405 446 108 326 450 121 668 320 352 889 311 678 0.12
2 110 32 56 661 33 112 550 20 110 451 82 98 301 112 134 578 168 130 621 176 426 0.23
3 115 180 129 672 212 212 576 96 412 889 845 950 322 292 210 1011 312 246 1126 310 889 0.27
4 2185 802 950 355 816 370 682 808 1221 869 845 950 927 1083 812 66 321 920 551 316 1570 0.47
5 1085 1543 450 1445 1250 386 355 1110 2226 871 1126 842 2065 862 822 335 1535 810 919 2178 1761 0.5
6 101 1009 1103 1031 1509 887 343 873 1510 808 1120 417 616 1189 1112 606 1220 990 819 1115 349 0.56
7 63 346 683 1993 760 320 2025 379 367 3229 3403 706 2991 2916 412 4089 2881 558 3496 2438 2426 0.61
8 4800 2614 3981 5652 4348 3115 5052 3710 3293 4212 4572 2005 4123 2756 3550 5279 5329 2997 6716 2892 3089 0.68
9 5210 4812 3563 3398 1221 2872 2495 1026 2448 2178 4393 1180 3906 2382 2576 5039 5329 2200 5059 2892 3089 0.74
10 1011 1102 1120 1012 546 420 1125 107 331 1213 420 225 1210 – – 1221 – – 1296 – – 0.79
Table 1a: Band areas and Rf values of SOD isoenzymes in leaves of I. flanaganiae subjected to different light intensities 
Table 1b: Band areas and Rf values of POD isoenzymes in leaves of I. flanaganiae subjected to different light intensities 
Table 1c: Band areas and Rf value of CAT bands of I. flanaganiae subjected to different light intensities 
Bands Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Rf value
I II III I II III I II III I II III I II III I II III I II III
1 6050 6351 6055 6095 11077 6057 6110 7220 5381 6672 9702 6552 688110295 6638 8891 12026 8099 8322 15189 11610 0.14
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ed mechanisms to control damage in plants against stress.
Activity of the enzyme(s) and the isozyme(s) may be regulat-
ed in response to the level of diverse defence system.
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